by Stiickrath at Berlin. Hecker attempted to measure gravity at sea com paring atmospheric pressure obtained with mercury barometers with atmospheric pressure derived from the boiling-point of water. This method, however, proved to be insufficiently accurate.
Inspired by all these activities The Netherlands Geodetic Committee acquired an apparatus of Defforges's type in 1894 and a Von Sterneck apparatus in 1904. When in 1906 suitable timing equipment was available, Modderman was appointed to carry out the pendulum observations. Owing to his untimely death in 1908 this work was interrupted. This was the situation in 1910 when Vening Meinesz took over Modderman's task. Here he became involved in gravity, with which a great part of his life was to be occupied.
On making pendulum observations it was not long before Vening Meinesz perceived that the mobility of the soil in many parts of the Nether lands caused difficulties when carrying out the observations in the usual way with the Von Sterneck apparatus. The micro-seismic movements of the peat soil of the Netherlands were of a totally different character from those of the rock-and sand-floor abroad, more violent, slower and totally irregular. This led him to make a thorough research into the effect of these oscillations on the pendulum movement.
In 1915 a doctor's degree cum laude was conferred on him for his thesis 'Contribution to the theory of pendulum observations'. In this thesis a theory was elaborated, ultimately leading to the equation of motion of a pendulum, whose rotation-axis was subjected to arbitrary translations. The solution of this differential equation is given in the form of corrections caused by the disturbing accelerations, which should be added to the period and amplitude of the corresponding non-disturbed mathematical pendulum. It appeared from the formulae that the effect of disturbing acceleration-of which the horizontal acceleration in the pendulum plane is by far the greatest-on the mean periods of two isochronous pendulums swinging on the same support is eliminated, provided that both pendulums have the same amplitude and opposite phase. As a subsidiary result the differ ence of the periods supplies information on the stability of the soil.
According to this so-called two-pendulum method fifty gravity stations were measured in the Netherlands from 1913 till 1921. As a reference station Delft was originally chosen but in consequence of the above-mentioned movements of the soil, a more stable place was looked for and was found in the basement of The Royal Netherlands Meteorological Institute at De Bilt. This was the first contact of Vening Meinesz with this Institute. At that moment he could not imagine that he would later on be its prominent Director and finally its President of the Board of Governors. This referencestation, De Bilt, was connected to the international gravity reference-station at the Geodetic Institute in Potsdam.
The result of all these measurements, together with an extension of the theory in order to include the most general case of a pair of non-isochronous pendulums,
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Biographical Memoirs were published in 1923 in 'Observations de pendule dans les Pays Bas'.
A comparison at ten stations between the pendulum observations and recent Askania gravimeter observations revealed that all differences are less than half a milligal. This result is an indication of the reliability of the two-pendulum method as well as of the devotion with which Vening Meinesz carried out the lengthy and strenuous task of making these observations.
The success of the two-pendulum method led to an investigation of its possibilities in order to see if it could also be applied on board ships. The problem of measuring gravity at sea had, since the trials of Hecker, not had much attention. A brilliant idea of Vening Meinesz brought about a sub stantial progress in the theory of the pendulum movement. He demonstrated that even for greater horizontal movements of the apparatus and independent of the initial amplitudes and phase differences, two isochronous pendulums, swinging in the sample plane, swing in such a way that the difference of their angular displacements is unchanged. The angular difference may be regarded as the angular displacement of a fictitious pendulum with the same period as that of the original pendulums.
A tentative voyage on board a surface ship gave Vening Meinesz the impression that only under exceptionally favourable weather conditions might experiments succeed. Then the idea was conceived of making the observations on board a submarine. As a matter of fact, during submergence the rolling and pitching of the ship are reduced to small movements. A further diminution could be obtained by suspending the apparatus in gimbals and it was presumed that in this way land conditions might be approximated. It had also appeared that visual observations were not possible as sudden changes in amplitude and phase would occur even when the ship's movements were small. Consequently the Stiickrath apparatus was provided with a photographic recording device.
On 18 September 1923 the submarine Hr. Ms. K II left the port of Den Helder for the first gravity expedition at sea to which, in the next decades, many others were to be added.
As a result of experiences gained on the first voyage a new apparatus was built in the workshop of the Meteorological Institute. Its fundamental principle was to record simultaneously the difference of the angular dis placements of a pair of pendulums swinging in the same plane rather than photographing each pendulum separately. In this way the record became very regular and this made the computations more straightforward, less time-consuming and more accurate. The principle was incorporated in an apparatus with three pendulums swinging in the same plane. The recording light rays struck first the mirror of one pendulum of one pair and then the mirror of the other pendulum and thus a record of the corresponding fictitious pendulum was obtained. The same was done for the other pair.
The theory of the fictitious pendulum is dealt with in the first part of Theory and practice of pendulum observations at sea (1929) . In this part the equation of motion is given for a fictitious pendulum composed of the two non-isochronous pendulums which are subjected to disturbing accelerations. The second part of this publication is a manual for the use of his apparatus and for the computation of the observations. In 1937 B. C. Browne of Cambridge published an important study of the magnitude of corrections proportional to the square of the accelerations of the apparatus. He pointed out that these second-order corrections, which had not been considered by Vening Meinesz, are not always negligible in cases of strong wave movements even if observations are made in submerged submarines.
In close co-operation with Browne, Vening Meinesz published in 1941 a sequel to his first book mainly dealing with these second-order effects. In order to determine the horizontal accelerations, necessary for the evaluation of these corrections, two horizontal pendulums with a very long period were inserted in the original apparatus. Vening Meinesz also outlined a method of correcting observations which had already been done. It appeared that the old records provided sufficient information for the computation of the second-order corrections if the theory of Gerstner was assumed to be a reliable model for the behaviour of sea waves.
Vening Meinesz advocated a close collaboration between geodesists and geophysicists in the approach to their scientific problems. That this aim has almost been achieved is for the greater part due to his mathematical and in tuitive qualities, characteristics which were accompanied by his ability to impart his knowledge in a way comprehensible to his students.
In his oration on entering upon his office as a professor at the University of Utrecht in 1927 he pointed out the fact that the study of the earth's crust, the isostasy and the deviations from equilibrium, by means of gravity data, remained within a small circle of geodesists, whereas the geophysicists kept aloof from these problems. Although he more than once stressed the fact that theoretically an infinity of mass distributions produces the same gravity field at the earth's surface, in practice the geophysical interpretation of surface gravity is limited by a number of conditions to be satisfied by the mass distribution. These conditions can be formulated by interpreting seismic, magnetic and geological data, and accordingly the geophysicists may arrive at conclusions which with certain limitations are plausible.
Looking at Vening Meinesz's work in the field of geodesy, the aim of which consists in determining the relative position of points on the earth's surface, to which the determination of the outside gravity field has recently been added, we see that he did pioneering work on both subjects.
In 1928 he had published the famous paper 'A formula expressing the deflection of the plumb-line in the gravity anomalies and some formulae for the gravity field and the gravity potential outside the geoid'. Starting from the formula of Stokes (1849), Vening Meinesz transferred this more or less academic theory into relations between the deflexion of the vertical and the gravity anomalies, of which the fundamental importance was immedi ately recognized by other geodesists. The Vening Meinesz formulae-as they are called in his honour-are used for the determination of the dimensions of the earth, the computation of large triangulations, the conversion of existing geodetic systems into one world geodetic system, the establishment of geodetic control points and for the computation of distances by the astronomic-gravimetric method. In the same paper Vening Meinesz derived formulae for the gravity potential outside the earth, and in 1928 he certainly could not have presumed that this outside gravity field would become very important for the computation of satellite-orbits. At sea the Vening Meinesz formulae were used for the first time in an extensive study of the gravity field of Indonesia by J. E. Baron de Vos van Steenwijk, for which he used the many gravity-observations made by Vening Meinesz himself.
As the geoid does not satisfy the condition of being an outward bounded equipotential surface the gravity on the earth's surface should be reduced to the geoid. Also on these reduction methods Vening Meinesz published many articles. Being a strong supporter of the isostatic reduction method according to the Airy-Heiskanen system he also gave a modification of this methodthe so-called regional isostatic reduction-by which he could often reduce excessive isostatic anomalies to more plausible values.
In addition to the direct effect of an isostatic reduction there is an indirect effect as the geoid is no longer an equipotential surface of the new mass distribution. The gravity values on the geoid must be reduced to the new equipotential surface-the cogeoid-enclosing the new mass distribution. O n this subject Vening Meinesz wrote in 1946 the fundamental treatise 'The indirect isostatic or Bowie-reduction'. The main viewpoint of this publication concerned the question whether it is right to assume the layer between the two geoids to be isostatically compensated. Following his negative conclusion he derived formulae for the change in the potential and in the position of the geoid. The contents of this extensive publication appeared in 1949 in a much shorter form, in which the principles and problems are set forth, avoiding complicated mathematical formulae. Vening Meinesz's conception is of fundamental interest for the study of the massdistribution and the equilibrium of the earth. It gave rise to many discussions about the principles of reduction methods between leading geodesists.
In these years also another study was made on the relations between the geoid-the surface to which all observations can be referred-and an arbitrary reference ellipsoid on which the geodetic computations are carried out. In his publication 'New formulae for systems of deflections of the vertical and the theorem of Laplace' (1944) formulae are given for the deflexions of the vertical, brought about by a shift of the reference ellipsoid. From these investigations Vening Meinesz concluded that the theorem of Laplace can be applied independently of the value of the deflexion in the initial datum-point of the geodetic network.
In 1951 Vening Meinesz again published this study in the Bulletin Geodesique extended with an investigation of the influence of a change of the ellipsoidal dimensions on the deflexions of the vertical. Both studies, bearing witness to the excellence of his mathematical thinking, led to a very interesting discussion between Vening Meinesz and Baeschlin about the basic principles of geodesy.
As a professor of cartography at the University of Utrecht he also lectured on map projection. For his students he wrote two textbooks on this subject, the latter one in co-operation with Tienstra.
The well-known textbook, written by Vening Meinesz and Heiskanen: The Earth and its gravity field appeared in 1958. In this book many of his theoretical studies on physical geodesy and geophysics are laid down in a systematic way. We find here, for instance, the geophysical interpretation of the development in spherical harmonics of the earth's topography, given by Prey (see later). In 1964 a new textbook by Vening Meinesz appeared: The EartKs crust and mantle. This book is mainly geophysically orientated, but on the geodetic side we find a chapter with formulae about the gravity field inside and outside the earth. This chapter was specially written in view of the rapidly developing space science and satellite techniques.
As has already been mentioned Vening Meinesz started his investigation of the gravity field for a geodetic purpose only; intrigued by several remark able features of this field, in particular the belts of negative anomaly in the Indonesian Archipelago, he became interested in the physics of this pheno menon. In order to understand in which way these anomalies came into existence Vening Meinesz developed several important geophysical theories.
It is not surprising that Vening Meinesz, trained as a civil engineer, tried to interpret the observed data as the results of a mechanical process. Such an interpretation implies forces acting on the crust (and mantle) of the earth; a deformation of the crust entails a shift of mass from its position of isostatic equilibrium, which is observed as a gravity anomaly. Obvious examples of forces acting on the crust are the loading by sedimentation, by volcanic action or by the ice load of a glacial period. The down-bending of the crust caused by loading will disappear if the load is removed, so that isostatic equilibrium is more or less reached again.
In 1937 Vening Meinesz published a study of the readjustment of the Fenno Scandian area after the disappearance of the glacial ice, a subject which was also treated by Haskell (in 1936 and 1937 ). It appears that this readjustment proceeds rather slowly, as the negative anomaly caused by the ice-loading in that area still exists and as the area is still rising in order to regain its equilibrium. Both authors start from the assumption that the process is mainly governed by the movement of the subcrustal layer. Supposing this layer to behave as a Newtonian fluid Vening Meinesz expressed the vertical velocity of the system in terms of the viscosity of this fluid; comparison with the observed velocity resulted in a value of 1022 poises for this coefficient. From this a general formula connecting the relaxation time of this process and the horizontal dimensions of the area of negative anomaly was derived.
A second geophysical problem solved by Vening Meinesz was the inter pretation of the belts of strong negative anomalies of the order of 200 mgal discovered by him in the Indonesian Archipelago (sometimes rather ambiguously called the minus-belts). Apparently a considerable amount of matter with a relatively small density must in some way have been substi tuted for denser material. Vertical forces being out of the question a hori zontal pressure has to be the cause of this substitution; if such a pressure is great enough, buckling of the crust will occur and the relatively light material of the crust will be pushed down. As the buckling pressure is far above the elastic limit of the crustal material, Bijlaard (1936) supposed that this de formation is plastic, an idea worked on by Vening Meinesz in a series of papers, the most important one, entitled 'The crust of the earth', being published in 1955. The main result of these calculations may be stated as follows: supposing the total pressure exerted on the crust to be equal to 2 • 109 dynes/cm2 the down-buckling occurs in a continental area after about twenty million years; if this pressure persists the depression of the crust will be 7 • 5 km after fifteen million years, a process that proceeds slowly enough to fill up the depression continuously by sedimentation. The breadth of the depressed zone is of the order of 100 km.
After removal of the pressure the area will rise to a position of equilibrium, thereby lifting the surface of the earth to considerable heights, so that the final result of this mechanical process is the formation of a high mountain range. If the process takes place in an oceanic area it proceeds in the same way; however, the theory predicts a far smaller height of the final elevation.
Applying this theory to the Indonesian islands it appears that the belts of negative anomaly are readily explained by assuming that a compressive force is working in the SSE direction; the direction of the belts with respect to the direction of this force agrees with the value Bijlaard's theory demands. In many publications brought together in part 10C of The Earth and its gravity field Vening Meinesz showed that many features, even rather minor ones, of the topography and the gravity field in that Archipelago are in accordance with the buckling process caused by an uniaxial pressure.
Moreover, the theory gives an explanation of the formation of mountain ranges (and perhaps of sub-oceanic ridges), and this result leads to the conception that at each orogenesis a system of horizontal compressive forces must have occurred during some 25 million years before the mountain building started. These forces then must have disappeared for a very long time and again reappeared before the next orogenesis started. This consideration leads us directly to a third problem attacked by Vening Meinesz, namely the problem of the origin of these episodically appearing horizontal forces exerted on the crust. Returning for a moment to the Indonesian island-arcs we quote Vening Meinesz: 'It was seen that in Indonesia the character and distribution of the crustal deformations point to a south south-eastward movement of the whole Indonesian crustal block with respect to the surrounding area, and since the cross section has a breadth of more than 3000 km and the direction of the edges of the block diverge only slightly, a subcrustal current of continental size is indicated5 (
The Earth and its gravity f i e l d , p According to Vening Meinesz this current is a convection current in the mantle of the earth caused by a thermal instability. This theory was the main object of his scientific investigations from 1945 onward till the end of his life; in a series of papers he put forward many arguments in favour of this hypo thesis. Although this theory is almost necessary to explain the crustal move ments in various areas the main reason for Vening Meinesz's special interest in his convection current hypothesis originates perhaps from a quite different feature of this theory. The solution of the equations to be satisfied by a motion caused by thermal instability is only possible by assuming this motion to be harmonic in the horizontal co-ordinates; therefore this motion in a sphere or in a spherical shell is described by a spherical harmonic function of longitude and latitude multiplied by a function of the distance to the centre of the sphere. The complete solution is then represented by a series of these partial solutions of the order n = 1, 2, . . . of the ha term multiplied by a coefficient. This solution is of course undetermined if these coefficients are unknown, and it is exceedingly difficult to calculate these coefficients in a case of instability such as this. Without entering into a mathe matical explanation it may be stated that Vening Meinesz's calculations lead to the result that only some terms in the series are predominant. In the case of a convection current system throughout a sphere the term 1 is the most important. This current, possible only in the primitive planet without a core, carried the dense material nearer to the centre of the earth, whereas lighter material was carried outwards by the ascending part of the current; in this way a heavy core was formed and one extensive primitive continent.
The current system, possible in the earth with a core, is entirely different; according to the theory of Vening Meinesz the major movement is described by the terms n = 3 and n = 4. Now these curr will exert horizontal dragging forces on the crust, tearing the original primitive continent apart. In general we may expect that the pattern of the current system will be reflected in the arrangement of the material of the crust, in other words with the topography of the earth's surface. Vening Meinesz then studied the development in spherical harmonics of this topography which had been determined by Prey (1922) , and derived a relation between the mean value of the topography and the order n of the spherical harmonics {n = 1 to n = 16). It appeared that here, too, the orders 3 and = 4 are of major importance. A more detailed analysis of the topography (up till the order n = 31) led Vening Meinesz to the hypothesis that the graphy is to a large extent a product of the convection currents which occur from time to time in the mantle.
Like many other geophysical theories, this hypothesis so often put forward by Vening Meinesz, was not universally accepted; but it is of outstanding importance that even before the results of recent investigations were avail able, Vening Meinesz expounded a theory, based on quite simple and under standable suppositions and mathematically tractable, which is in the true sense of the word of world-wide significance.
In the last years of his life Vening Meinesz once remarked that in his youth he intended to become a civil engineer and indeed graduated in that science; 'and now', he told us on that occasion, 'I realize that as a civil engineer I have proved to be a failure.' This failure has been of very great advantage to geophysics; this science has been enriched by the work of a man of outstanding abilities, which placed him in the first rank among the geophysicists of his time.
The foregoing account of Vening Meinesz's scientific work shows the extent to which he studied the earth's gravity field in all its aspects and opened up new vistas. His theoretical foundation of pendulum observations on a weak soil was supported by actual observations. Again following the theory and the construction of an instrument for observations at sea he did more than a thousand gravity measurements over the oceans of the world. Then he made the subsequent computations and reductions, including his own regional isostatic reduction, and finally he interpreted the results geodetically and geophysically.
'An integrated scientist', writes Van Weelden in an anniversary volume on the occasion of Vening Meinesz's 70th birthday.
But still this description fails to give a clear picture of Vening Meinesz's many-sided personality. Beside his scientific work he made great contri butions in the fields of organization and education. By 1927 It was not only his scientific qualities which brought Vening Meinesz to the positions he occupied. Courtesy and eloquence together with his scientific ability made his opinion authoritative in scientific circles and meetings.
When after the second world war the scientific relations with the United States and Canada needed to be normalized, Vening Meinesz represented the Netherlands in those countries for a period of six months.
When, in 1945, he was appointed General Director of the Royal Nether lands Meteorological Institute at De Bilt, a difficult task awaited him. This Institute had suffered severely during the war and Vening Meinesz was considered to be the obvious man to direct the reconstruction and to build up a modern organization. In the memorial volume on the occasion of the first centenary of the Institute one can read: 'Under his inspiring leadership the Institute has risen again and has spread its wings over the entire domain of scientific investigation, . . . international activity and co-operation. ' Vening Meinesz remained General Director until 1951. Immediately thereafter he was appointed President of the Board of Governors and he held this position until some years before his death.
When in 1957 Vening Meinesz reached the age of 70 he retired from his position as a professor at the University of Utrecht and the Technological University of Delft, but he indefatigably continued his scientific work, as is witnessed by the sequence of publications appearing since. The majority of these concerned the geophysical interpretation of the gravity observations. Just a few weeks before his death a publication from his hand appeared in the Proceedings of the Royal Netherlands Academy of Sciences.
In June 1966 at home in Amersfoort he had an unfortunate fall. A fractured hip necessitated his being taken to the nearby hospital. Because of medical complications, occurring during his six weeks' stay in the hospital he died on 10 August 1966. After a memorial service in the 'Bergkerk' at Amersfoort he was buried in the family grave in Zorgvlied Cemetery at Amsterdam. A wreath from Her Majesty The Queen of the Netherlands and His Royal Highness Prince Bernhard covered his coffin.
The photograph is reproduced by courtesy of Fotopersbureau C. 
